Appendix F

The United States Forest Service
Three Level Stability Analysis Concept
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e 1B 1 Role Of p_ocmhsts must be able to prodict how land management

E F o Analysis in the -act;v:hes—ésuch as logging operations and road construction—will impact 1and
[RREE i uaily a district ranger,_

. pecision- . stablhty “This assessment is- ‘useful to the land manager, us _
'- 'M'aklng Prot:ess ; cvaluatmg the level of the potenual watershed impacts among various altcmanves '

The land manager usually has no profcssmnal background in ‘evaluating slopc :

' -Zstablhty and therefore. must rely on the knowicdgc skills, and abilities ‘of the: dlstnct o

. earth scientists and enginieers or speck
T This prodlcuve capabxhty s the. ﬁmdamcntal pnnc1ple of the three- level sta_bthty

B __;-3:-analyms oonccpt __B usmg tlns ethod the' speclahst wﬁl bc successful in assi

S Detcnmmng whlch tcchmque'to use can’ be confusmg for thc specmhst.w o does
- routinely perform slope stability: analyses ' Effective. comumcanon between. tl_xc

‘specialist. and the person requcstmg the analysis can. minimize ! tlns confusmn With: -

effective communication: ‘there is an understandmg of the basic reasons for. the. work.

-Effccuvc commumcauon also lcads to a slopc stabllxty analysw matched to’ the icvci --'
: of th analysis simply for its own sake. The

n'and mappropnatc anaiysm is that thc | e

"'dcrstand that the data gathemd w:ll bc usod to
e or she ‘should know that the analysm is bcmg
d stability condmons and potcnnal impacts as a- result © .
tio "-dammmg, or other management : activities. Also,
w how the results fit into a ‘rational doclslon- S
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. requiring a suppomng slope stabili
. t the investigation an

ty evaluation, it is  important that the- prudent |
d analysis to the decxslon bcmg made SR

s _-1B. 2 Land % -_""'Many forested. lands in the western Umtcd Statcs have the potenual to o be unstablc L
G Management . because of geologic and: hydrologxc conditions and material strength properties. ‘The
- . National Environmental Policy Act (NEPA) of 1969 and the National Forest Manage-

" Decisions
slon: ] managcment of these lands includes-

r 'sale _Zplanmng) .projcct planmng (timber sale. cnv1rommntal
) pro_]ect dcvclopmcnt and momtonng

jalists from a zone office or. forest hcadquarters.'__

e range of land management ¢ decisions - A

“resource ‘allocation (forest plan, 1G-year o




stablhzation and. 1mplemcntatwn of th prcfcrrcd_altcmat;vc).;, This rcqulremcnt' S N

'cl stability. analysis concept (Prellthz
i 'flowchart of thls analys1s systcm

portion which section 1 periains 0.

The e prt gmsswc in scale detall complenty, _and accuracy Thls
iprogressmn focuscs
s the analyzcr to draw__.from the _previous analysm and ‘data bases as new data are |
' “developed to support the. hlghcr analyms levels. At levels I and I, the analys:s
'-thchmques have a probablhsnc version to aliow for the determination of parametnc

makm prcccss' A c_ompanson of the combination. of: slopc i
urc"consequenccs eases this process,’ allowmg '

the "ma.nager.to base the

' The following levels ensure that suitable mvcsngatlon and analysss tcchmqucs are
o __"_-avallable -_for”the quahﬁcd spccmhst to prov1de tlmcly and efﬁcxcnt mpnt to support
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e fusually'uscs avallab]c mvcntory-data in the sxmpliﬁcd stabllity analysw techmqucs G
: '.:_'.In most casc these"data are from a'geographlc mformatlon syswm (GIS), a gcolog;c ]

BT

ntion on: spcc:ﬁc ‘problems in a logical order. It also allows S
the analyms Also the probabllssuc output lends’ 1tself - :' | )

> decision on ‘acceptable risk levels. The deterministic version o
of -.thc__ analysxs xs still necessary to facilitate sensitivity analys:s, parametnc valuc RIS
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1600 to 133, 600 scale; therefore, d |
_'collectcd for lcvcl I but Iess accuratc than that coliectcd for levcl IH :
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: Cntzcal snos rocogmzed dnrmg the lcvel II anaiys:s may' rcqmm a Ievcl III analy isif
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B '_-_'.'_buttmsses dmmagc,
R 'optlons——mclndmg the do—nothmg"altemanve-—me ‘available for cons:deranon 50 that kS
* .. the manager can have a ‘perspective of the inherent cost and resource risk of each
i The, Teport from thls analyms allows the decision maker to compare poss1b1e
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Applicable at B

B :_'Thc next major level of decision. ‘making. roqumngz slopc stabxhty mput occurs in the |
_ projoct plannmg phase (e.g., tlmber sale envuonmental asscssment, transportanon I
' --'_ﬁplannmg, and road closure plannmg) Timber-harvest decisions on tree removal and SRR

iral slopes. include the: modelmg of trcc-mmovai
n this’ analysns are root strength and ground: -
pes is often more significant | than that of
evcr, a 1mphst1c ana!yms that estlmatcs the

" between the level 1 an _iével m analyses is that the latter must allow the analyzerto
o _cvaluate many unique site condmons and stabilization measures. “The data base ased '
. _in the level II analysis must be more ‘accurate than that used in level I Project -
“'reconnaissance. mcludc_s"ﬁeld—devclopcd cross-sections measured at’ locations cnucal
- for this level. Measurements of the ﬁold—dovcloped'cross-socnons are usually at a - 0

_ avoided, 'examplc, t_o gain access to a landing, t the district
transportatlon planner lays a proposed road COMTiC ‘across an mactlve ‘landslide. For :
€conomic’ or. ocologlcal reasons the district rangcr chooses this route. ' “The lcvel II

anaiyms pn:dlcts siopc stablhty-problems ‘will occur.” The next step, ‘then, is to R
to evaluate various “stabilization methods—such as .
rctammg W ditional ‘excavation—for the site. ‘All

s and to make "declslon based upon relatl -cost

_ guide includes a . iled de of thesc analyses :
Measurements for site stabilization ;nvestzganons are usually at a 1:120 to 1 600 e
-:_sc_:ale Theso me;murcmcms_' altid subsoq ent analysxs tochmques are more complex 3_-:__ B
: increase in data resolutlon is nccessary to

_ _ys1s mcthod to a certam docnslon lcve! | _
i:be_ca 1se _thcm is somc_go__ rlap in. apphcablhty Conmderanon of the type of slopc o

" (natural or. constmcted) and the failure mode’ (translational or rotanonal) is always SRR

1mportant.' Inaievel I'deolsmn. stabxl:ty of large land masses is of primary concern, .

~whereas in level TII decisions, stablhty of specific critical slopcs (usually constructod)

-~ isthe. primary focus.  In level II the decisions are somewhere between these two
e levels The folIowmg analy

:"'hmqucs are the most apphcable AT
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simple and atlle equatlon is: presented in. sectlon 5 of thts SR

le';":lt"'stiil-_does-gn'-'adequate. job of allowing one to model all of -

in analyzing the potential translational failures of natural slopes.' -

icable to rotational characteristics (Prellwitz, 1975; -
S _ ‘a Mon Carlo- simulation’ techmque, this equation 1s a

L powerful tool for. mcorporatmg spaual vanabthty of mput parametric values and the :

inty of the analyzer in determining what those values are (Hammond et_al
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SRRy Infinite Slope
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ill apphcabie .to_evaluate the 1mpacts of tunber _
'510pes The ‘analyzer can ‘anticipate changes in two ! g ;
at ‘might result from the removal of trees:

d water in response to precipitation changes. To evaluate the s

: .. sed constm cted road cut-and-ﬁll siopes on the natural
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maxtmum (cnucal) hetght for a stable 3-'_1 ': .
using correction factors for subsurface - _
'(1971)'_13 cunently under development. .

predlcts the
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ralysis of a simple eo:nstmcted slope- - This. type' of analysis |
bab thstte approach using a ‘Monte Carlo simulation similarto .|
ite slope’ . This analysis method may be apphcable e |
when the potenual of road-related failures is a primary Tl
gram using subsurface correctlon factors eoupled wnh the 3 |
lopment. - A R

the specxahst must be able to model many nmquc SHE
er measure characteristics. This requires a more Ll
;__-_complex analysm technique than. those used in levels 1 and IL. The most common - E
: is to divide the potenttal failure mass into a series of slices and model the
first individually and then collectively—in a summatlon o
f the overell potenttal for failure.: Several G
_ . on techniques are available, all havmg a common s01l j' _' '_ { N
= mwhamcs base but differing in the manner in which they are ‘satisfied, the more -
- complex and more difficult the analysis becomes.: “The computer program . XS'I‘ABL
: 3(XSTABL Ver 4.1 1992) “developed by Sharma for Level III analysis uses the

nethod for rotational failures and the simplified J anbu method for -
_ al shape. These methods are’ sufficxentiy accurate for most foresl
ns. Sharma (1992) gives a companson of these methods to'other SN
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